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increasing the concentration of particulate materia l therein, said membrane device 

\ 

including: 

a multiplicity of hollow fiber membranes, or fibers, uncon fined in a shell of a 
module, said fibere together havino a surface a rea > 1 m* said fibers being swayable in 
said substrate, said fibers beino subject to a transmembrane pre ssure differential in the 
ranee from about 0.7 kPa (0.1 psH to about 345 kPa (50 psh . and each fiber having 
lenoth > 0.5 meter: 

a first header and a second header disposed in tra nsversely spaced-apart 
relationship with said second header within said substrate: 

a first header and a second header having opposed terminal end portions of 
each fiber sealinolv secured therein, all open ends of said fibers extending from a 
permeate-discharaino face of at least one header: 

permeate-collection means to collect said permeate! sealinolv connected in open 

| fluid communication with a penmeate-discharging face of each of said headers: and, 
means to withdraw said permeate: 
the improvement comprising, 

said fibers, said headers and said permeate collection means together forming a 

vertical skein wherein said fibers are essentially vertically disposed and terminal end 
portions of individual fibers are potted in proximately spaced-apart relationship in cured 
resin: 

said first header being upper and disposed in vertically spaced-apart relationship 

above said second header, with opposed faces at a fixed distance: 

each of said fibers having substantially the same length, said length being from 

between 0.1% to less than 5% greater than said fixed distance so as to permit restricted 
displacement of an intermediate portion of each fiber independently of the movement of 
i another fiber; and, 

I a das distribution system having through-passages adapted to discharge bubbles 

near to rise through or around the skein of fibers, the gas distribution system including 
one or more gas tubes which space the first and second headers apart and which also 
icarrv air to the through-passages. 
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25 rAmended^ In a microfiltration membra ne device, for withdrawing permeate 
essentially continuously from a multi-compone nt liquid substrate while Increasing the 
rtincentration of particulate material therein, sa id membrane device including: 

a multiplicity of hollow fiber membran es, or fibers, unconftned in a shell crfa 
module, said fibers together having a surface area > 1 m 2 . said fib ers being swavable in 
said substrate, said fibers being subject to a transmembrane pres sure differential in the 
range from about 0.7 kPa (0.1 osrt to about 345 kPa (50 p ail and each fiber haying 
length > 0.5 meter: 

a first header and a second header disposed in transve rsely spaced-apart 
relationship with said second header within said substrate: 

a first header and a second header having opposed terminal end portions of 
g each fiber sealing Iv secured therein, all open ends of said fiblsiJe& extending from a 
permeate-discharQin o face of at least one header 

permeate-collection means to collect said permeate, sealinolv conne cted in open 
fluid communication with a permeate-discharginq face of each of said headers: and. 

means to withdraw said permeate: 

the improvement comprising. 

said fibers, said headers a nd said permeate collection means together forming a 
vertical skein wherein said fibers are essentially vertically disposed and terminal end 
portions of individual fibers are potted in proximately soaced-apart relationship in cured 
resin: 

said first header being upper and disposed in vertically soaced-apart relationship 
above said second header, with opposed faces at a fixed distance: 

each of said fibers having substantially the same length, said length being from 

between 0.1% to less than 5% greater than said fixed distance so as to permit restricted 
displacement of an intermediate portion of each fiber, independently of the movement of 
another fiber, wherein the headers are rectangular in plan view and the skein has about 
30 or less arrays of fibers. 

26. (Amended) A device for withdrawing permeate from a multicomponent liquid 
substrate comprising. 
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(a) a reservoir under essentially ambient pressur e having a feed zone for 

containing a substrate: 

(b) a microfiltration membrane device, for withdrawing pe rmeate essentially 
continuously from the multi-component li quid substrate while increasing the 
concentration of particulate material therein, sai d membrane device including: 

a multiplicity of hollow fiber membranes, or fibers, unconfin ed in a shell of a 
module, said fibers together having a surface area > 1 m 2 . said fibers b eing swavable in 
said substrate, said fibers being subject to a trans membrane pressure differential in the 
range from about 0.7 kPa (0.1 ostt to about 345 k Pa (50 osH. and each fiber having 
length > 0.5 meter 

a first header and a second header disposed in transversely spaced-apart 

relationship with said second header within said substrate: 

a first header and a second header having opposed terminal end portions of 

each fiber sealinglv secured therein, all open ends of said fibers extending from a 
permeate-discharoing face of at least one header: 

permeate-collection means to collect said permeate, sealinglv connected in open 

fluid communication with a permeate-discharoing face of each of said headers: and. 
means to withdraw said permeate; 

said fibers, said headers and said permeate collection means together forming a 

vertical skein wherein said fibers are essentially vertically disposed and terminal end 
portions of individual fibers are potted in proximately spaced-apart relationship in cured 
resin: 

said first header being UPP^r and disposed ip vertically spaced-apart relationship 
above said second header, with opposed faces at a fixed distance: 

each of said fibers having substantially the same length, said length being from 

between 0.1% to less than 5% greater than said fixed distance so as to permit restricted 
displacement of an intermediate portion of each fiber, independently of the movement of 
another fjber T 

the outside of the membranes in fluid communication with the feed zone of the 

reservoir; 
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-j r~ ( C ) a purnp i n fluid communication with the insides of the membranes through 
{^j ; the permeate collection means, the pump ooerab le to suddIv a suction to the lumens of 
the hollow fiber membranes to draw permeate through the mem branes: and. 

Id) a gas distribution means including a plural ity of through-passages for 
1^ discharging bubbles which rise and conta ct fibers. 



29. (Amended^ In a microfiltration membrane device, for withdrawing permeate 
essentially continuously from a multi-component liquid substrate while increasing the 
concentration of particulate material therein, said memb rane device including: 

a multiplicity of hollow fiber membranes, or fibers, unconfined in a s hell of a 

module, said fibers together having a surface area >1 m 2 . said fibers b eing swavable in 
said substrate, said fibers being subject to a transmembrane pressure different ial in the 
range from about 0.7 kPa (0.1 os\\ to about 345 kPa (50 psi). and each fiber having 
length > 0.5 meter: 

a first header and a second header disposed in transversely spaced-aoart 

relationship with said second header within said substrate: 

a first header and a second header having opposed terminal end portions of 

each fiber sealingly secured therein, all open ends of said fibers extending from a 
permeate-discharoing face of at least one header; 

permeate-collection means to collect said permeate, sealinglv connected in open 

fluid communication with a permeate-discharginq face of each of said headers: and. 
means to withdraw the permeate: 




the improvement comprising. 



said fibers, said he aders and said permeate collection means together forming a 
vertical skein wherein said fibers are essentially vertically disposed and terminal end 
portions of individual fibers are potted in proximately spaced-aoart relationship in cured 
resin: 

said first header being upper and disposed in vertically soaced-aoart relationship 

above said second header, wjth opposed faces at a fixed ^stance: 

Q3ch of sai^l fibers hqvjpq substantially the same len gth, said . l en g th heipq frpm 

between 0.1% to less than 5% greater than said fixed distance so as to permit restricted 
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~ f displacement of an intermediate portion of e ach fiber. Independently of the movement of 

Ci}i another fiber; 
J walls extending downwards from a lower header of t he first and second header^ 

the walls beino adapted to retain a aas helow the lower header: and. 

through-passages for gas to pass throuoh the lo wer header frflrn an area below 
I ^ the lower header bordered bv the walls. 
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